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Abstract  
With urban growth and development, necessary urban and regional planning information has 
risen and become more complex. Extensive network of urban facilities, distribution and population 
density, land use and many cases like this add to such complexity of planning, leaving no option 
except for using GIS  to collect such data and process them in the form of new regional and urban 
planning. Here, we intend to take advantage of FAHP for the ranking of health centers in Zahedan, 
Iran. Since some criteria are qualitative and others are quantitative, this method which is capable of 
analyzing both objective and subjective assessment measures is beneficial is used. Due to high 
volume of FAHP calculations, Excel and Matlab software packages were administered for the 
process. As the results show, Bou Ali, Social Welfare, Khatam, and Emam Ali hospitals ranked first 
to fourth, respectively. Also, Nabi Akram Hospital ranked by far 5th. Eventually, based on experts` 
opinions, assessment and establishment of two hospitals are proposed in the north part of Zahedan in 
order to have better density of hospitals in Zahedan, Iran. 
Keywords: Fuzzy Analytic Hierarchy Process, location finding, verbal variables, Zahedan 
Introduction 
With the growth and development of cities, necessary information for urban and regional 
planning intensely increased and became complex (Pourmohammadi, M. R., 2003). vast network of 
urban facilities, population density and distribution, land application, and many others like these has 
greatly increased the complexity planning in that there is no other choice except using modern 
location information system for collecting this information as well as processing it in the framework 
of new theories of urban and regional planning (Sanaee Nezhad, H., 1997). location information 
system is one of the most important systems which have designed in the last few years with special 
facilities like speed and accuracy, information input and output and maps from other systems, 
possibility of analyzing and combining some variables ,possibility of programming ,providing 
location data  base ,analyzing units of neighboring and integrity ,internalizing ,direction finding and 
etc. which has facilitated implementation of modern and complex planning in the shortest possible 
time(Stiwell, 2008). It is tool, which it can help us keep data updated, organize them, and save them, 
at the same time it provides a rapid and easy accessibility to them at any time. Traditional methods 
are not able to solve space issues like manual map putting on each other due to cities with 
complexity, uncertainty and frequent factors, which affect the way of their development (Kalantari, 
Khalil, 2001). 
Rapid growth and changes of cities as well as high volume of affecting factors on space 
issues in the city has made everybody use organized framework based on location-information 
system in solving space problems in city making. (Habibi, K., 2007). Recent progression in terms of 
information technology in planning and decision-making process has provided a considerable 
number of opportunities for investigating new approaches dependent on geographical computerized 
data processing, data management, data analysis, making many scenarios, and providing 
data(Bellman, 2007). Analytical hierarchy process, AHP, one of the MCDM methods, is used to 
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select the best location finding. This method is for selecting and deciding one choice among 
frequent choices. This method was invented and presented by Thomas sati in 1980.ahp is the 
reflection of natural behavior as well as human thought. This technique investigates complex issues 
according to their mutual effects, simplify them, and solve them. This method includes four steps for 
final selection: 1. making models 2. Collecting data and forming paired-comparison matrix 3. 
Calculating relative weight 4. Calculating final weights and selection (Mohammad Reza 
Mehregan,2013). in this research, we are facing people`s opinions and various inputs and people 
give their verbal opinions in the form of words and statistics contain ambiguities so we are facing 
uncertainty. Fuzzy logic is used to make accurate and real results. Theory of fuzzy collections and 
fuzzy logic are highly useful and they are efficient tools for this purpose. theory of fuzzy collections 
is a mathematical theory which has been designed for mathematical modeling of ambiguity in 
identifying   processes (Lootsma, F. A. 1997).application domain of this theory covers a great deal 
of areas such as natural and biological sciences, social science, engineering, computer science, 
systematic and management sciences, planning and decision making. (Klir, G. J. & T. A. Folger, 
1988). 
Research Method 
A descriptive survey was administered. Research methodology indicates logical reasoning 
followed by FAHP approach. Based on data collection method, descriptive research method was 
applied and then the results were generalized to statistical population. There are different descriptive 
researches. Here, we used survey. Descriptive surveys are used to determine and describe variable 
features. As many as two questionnaires were designed during the study in order to complete paired 
tables by experts` opinions. 
Elements of Fuzzy Collection  
In classic or definite collections, one element of reference collection in a given collection has 
membership or not. Membership in a definite collection, f can be defined with a membership 
function for each member of x from the reference collection as following: 
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 Fuzzy numbers: each fuzzy function is defined by a membership function .the concept of 
membership function in theory of fuzzy collection has highly got importance. the first point of view 
is using experts` knowledge because fuzzy collections are being used for formulating human 
knowledge .in the second point of view, collected data by various sensors are used to determine 
membership function (Zhang, Huaguang; Liu, 2006). 
Triangular fuzzy numbers: the triangular fuzzy number of a or, simply, triangular number 
with membership function of on r is defined as follows: 
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 Where [a, b] is support span and the point of (b, 1) is the head. 
Fuzzy logic has provided a natural –technique tool for investigating this phenomena and 
affairs due to the fact that it has the capability of competing with artificial intelligence and 
systematic approach in investigating the conditions and ambiguous situations, which are not 
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effective in ordinary mathematics (Andriantiatsaholiniaina, 2004). fuzzy theory and logic is a 
scientific tool which has created a possibility and permission for simulation of dynamism of a 
system without long mathematical description using qualitative and quantity data (Phyllis, , 2001). 
In analysis of group and multi-criteria decision making ,fuzzy model has been identified as the most 
common method for explaining and investigating uncertainties. Fuzzy logic has removed the gap 
between scientific and organized assessment and measurement considering simultaneous social 
goals  and it has provided a method for converting vast spectrum of information ,visual data 
,quantity information ,mental opinions and judgments ,and social needs in to a natural language for 
explaining effects of environment (Silvert, w, 2000, Kuswandari, 2004). 
Fuzzy AHP  
Assume that x={x1, x2, xn} is a collection of items and g= {g1, g2, gn} is a collection of 
goals . According to the changed method, the maximum is obtained from analysis of each item 
(Serkan Ball and Serdar Korukoglu, 2009) and maximum analysis of each goal has been done 
respectively, therefore, maximum values of analysis m for each item can be obtained from the 
following signs: 
m1gi, m2gi , ..., mmgi                  i= 1,2,..., n 
steps of maximum for change analysis are as following: 
first step: the maximum value of combined fuzzy is defined as following according to each 
item: 
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 Calculating the fuzzy sum, maximum value of analysis for a particular matrix is obtained 
where: 
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 Calculating fuzzy sum, the value of mjgi is obtained 
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 And then we obtain the inversion of above vector: 











 


 
m
j
j
m
j
j
m
j
j
n
i
m
j
j
gi
UML
M
111
1
1 1
1,1,1
 Second step: we define two triangular fuzzy numbers with probability degree:     )(),(minsup~~
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 Third step: if probability degree for a fuzzy curved number is more than k, fuzzy curved 
numbers of             m= (i=1,2,k) can be defined as follows :         kK MMandandMMandMMVMMMMMV  ....,...,, 21321  Fourth step: normal weight vectors are as follows using normalization: 
      TnAdAdAdW ,...., 21  Where w is not fuzzy (Serkan Ball and Serdar Korukoglu, 2009). 
Using variables with definite values makes it difficult for  experts  to give their opinions .so, 
it is clear that qualitative variables gives more freedom to experts .using some qualitative variables 
such as “low” ,”medium”, and “high” will somewhat solve the problems  .peoples` opinions toward 
qualitative variables such as low or high are not similar. Since experts have various characteristics, 
they will have different opinions as well. If they answer these questions according to different 
opinions, the analysis will not be valuable .although, they will answer with the same ideas defining 
domain of qualitative variables, qualitative variables are defined using fuzzy numbers (Change Ping-
Teng, 1998). 
Table 1: Variables and Triangular Fuzzy Number 
Verbal Variables Triangular Fuzzy Number 
Equally Preferred (1,1,1) 
Interstitial (1,2,3) 
Moderation Preferred (2,3,4) 
Interstitial (3,4,5) 
Strongly Preferred (4,5,6) 
Interstitial (5,6,7) 
Very Strongly Preferred (6,7,8) 
Interstitial (7,8,9) 
Extremely Preferred (9,9,9) 
Implementation of Research  
In this research, FAHP method was used to select location finding. Generalities of the 
research are as figure 2. 
As it can be seen from Figure 1, the first activity in this research is to recognize the best 
potential locations. this means that a location needs to be selected which can meet people`s 
expectations .recognizing indicators is done after recognizing locations. Now, it seems that we are 
able to select the best locations according to criteria .we use AHP method. 
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Figure 1: FAHP method (Source: author) 
Identification of potential health centers  
According to field collected data, experts` opinions, five health centers, which can be seen in 
map 1. were assessed including: 
A1: Emam Ali Hospital  
A2: Bou Ali Hospital 
A3: Social Welfare Hospital 
A4: Khatam Hospital 
A5: Nabi Akram Hospital  
 
Figure 2: Distribution of health centers under consideration, Zahedan (Source: author) 
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Table 2: Information of health centers under consideration, Zahedan 
Health 
center 
Founded 
in 
Type of 
activity 
Type 
Specialization
Under the 
supervision of 
No of active 
beds 
Address 
Emam Ali 2004 Teaching-
therapeutic 
General Medical University 416 Persian Gulf 
Highway 
Bou Ali 1980 Teaching-
therapeutic 
General Medical University 60 Amir 
Almomenin St.
Social 
Welfare 
1996 Therapeutic General Social Welfare 
Organization 
161 Parastar Sq. 
Khatam 1971 Teaching-
therapeutic 
General Medical University 179 Jame Jam Blvd.
Nabi 
Akram 
1999 Therapeutic General The Revolutionary 
Guards 
56 Shahi Motahari. 
Blvd. 
Source: author 
Identification of indicators  
Based on the collected information in field and library assessments, as many as eight more 
important indicators were chosen concerning health center location finding in Zahedan, Iran. The 
rest of indicators were rejected due to minor importance. 
These indicators are:  
• C1: Land compatibility; 
• C2: Network accessibility; 
• C3:  Proximity to the regional center; 
• C4: Proximity to the centers of neighborhoods; 
• C5: Slope of area; 
• C6: Proximity to fire stations; 
• C7: Proximity to regional parks; 
• C8: Distance from industrial units 
Then, the weight and importance of each of these indicators were investigated. 
Modeling by AHP 
 Figure 3: Research AHP model 
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As it can be seen in Figure 3, the main objective is on top which is the best health center 
location finding in Zahedan, Iran. Indicators are in the middle of model, showing each of indicators. 
As are at the bottom of model, showing Hospitals. 
Information collection for fuzzy paired comparison 
We took advantage of two questionnaires: first, experts` opinions were taken into account 
toward paired comparison of health centers concerning each of indicators. Then paired comparison 
was sought among eight indicators. The paired comparison tables are as follows:  
1. Paired comparison of health centers concerning C1: Land compatibility is listed in table 3.  
Table 3: Paired comparison of health centers concerning C1 (land compatibility) 
 A1 A2 A3 A4 A5 
A1 1.00 1.00 1.00 1.45 2.05 2.65 1.10 1.35 1.60 1.60 2.00 2.40 2.05 3.00 3.95
A2 0.38 0.49 0.69 1.00 1.00 1.00 0.43 0.54 0.71 1.30 2.10 2.90 0.43 0.56 0.80
A3 0.63 0.74 0.91 1.40 1.85 2.30 1.00 1.00 1.00 1.60 1.95 2.30 1.95 2.95 3.95
A4 0.42 0.50 0.63 0.35 0.48 0.77 0.44 0.51 0.63 1.00 1.00 1.00 1.80 2.55 3.30
A5 0.25 0.33 0.48 1.25 1.80 2.35 0.25 0.34 0.51 0.30 0.39 0.56 1.00 1.00 1.00
Source: author 
2. Paired comparison of health centers concerning C2: Network accessibility is listed in 
 table 4. 
Table 4: Paired comparison of health centers concerning C2 (Network accessibility) 
 A1 A2 A3 A4 A5 
A1 1.00 1.00 1.00 1.15 1.56 2.15 0.50 0.65 0.91 1.00 1.00 1.00 3.00 3.90 4.80
A2 0.47 0.61 0.87 1.00 1.00 1.00 0.24 0.30 0.40 0.30 0.39 0.57 0.33 0.45 0.71
A3 1.10 1.55 2.00 2.50 3.35 4.20 1.00 1.00 1.00 1.30 1.90 2.50 2.90 3.85 4.80
A4 1.00 1.00 1.00 1.75 2.55 3.35 0.40 0.53 0.77 1.00 1.00 1.00 2.10 2.90 3.70
A5 0.21 0.26 0.33 1.40 2.20 3000 0.21 0.26 0.35 0.27 0.35 0.48 1.00 1.00 1.00
Source: author 
3. Paired comparison of health centers concerning C3: Proximity to the regional centers is 
listed in table 5. 
Table 5: Paired comparison of health centers concerning C3 (Proximity to the regional 
centers) 
 A1 A2 A3 A4 A5 
A1 1.00 1.00 1.00 0.13 0.14 0.16 1.00 1.00 1.00 0.34 0.44 0.65 0.28 0.36 0.50
A2 6.15 6.95 7.75 1.00 1.00 1.00 7.00 7.65 8.30 6.05 6.80 7.55 7.35 7.90 8.45
A3 1.00 1.00 1.00 0.12 0.13 0.14 1.00 1.00 1.00 1.25 1.65 2.05 1.20 1.75 2.30
A4 1.55 2.25 2.95 0.13 0.14 0.17 0.49 0.61 0.80 1.00 1.00 1.00 2.35 3.15 3.95
A5 2.00 2.80 3.60 0.12 0.13 0.14 0.44 0.57 0.83 0.25 0.32 0.43 1.00 1.00 1.00
Source: author 
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4. Paired comparison of health centers concerning C4: Proximity to the centers of 
neighborhoods is listed in table 6. 
Table 6: Paired comparison of health centers concerning C4 (Proximity to the centers of 
neighborhoods) 
 A1 A2 A3 A4 A5 
A1 1.00 1.00 1.00 0.13 0.14 0.16 1.00 1.00 1.00 0.12 0.13 0.15 0.19 0.23 0.30
A2 6.20 7.05 7.90 1.00 1.00 1.00 7.00 7.65 8.30 1.00 1.00 1.00 5.65 6.45 7.25
A3 1.00 1.00 1.00 0.12 0.13 0.14 1.00 1.00 1.00 0.12 0.14 0.15 0.20 0.25 0.33
A4 6.75 7.55 8.35 1.00 1.00 1.00 6.60 7.40 8.20 1.00 1.00 1.00 4.05 5.05 6.05
A5 3.30 4.30 5.30 0.14 0.16 0.18 3.00 4.00 5.00 0.17 0.20 0.25 1.00 1.00 1.00
Source: author 
5. Paired comparison of health centers concerning C5: Slope of area is listed in table 7. 
Table 7: Paired comparison of health centers concerning C5 (Slope of area) 
 A1 A2 A3 A4 A5 
A1 1.00 1.00 1.00 0.15 0.17 0.20 0.25 0.31 0.41 0.28 0.38 0.50 0.33 0.43 0.63
A2 4.95 5.85 6.75 1.00 1.00 1.00 2.60 3.35 4.10 4.30 5.30 6.30 5.25 6.15 7.05
A3 2.45 3.20 3.95 0.24 0.30 0.38 1.00 1.00 1.00 1.00 1.00 1.00 1.50 1.90 2.30
A4 2.00 2.80 3.60 0.16 0.19 0.23 1.00 1.00 1.00 1.00 1.00 1.00 1.45 1.85 2.25
A5 1.60 2.30 3.00 0.14 0.16 0.19 0.43 0.53 0.67 0.44 0.54 0.59 1.00 1.00 1.00
Source: author 
6. Paired comparison of health centers concerning C6: Proximity to fire stations is listed in 
table 8. 
Table 8: Paired comparison of health centers concerning C6 (Proximity to fire stations) 
 A1 A2 A3 A4 A5 
A1 1.00 1.00 1.00 6.60 7.30 8.00 1.00 1.00 1.00 3.30 4.30 5.30 3.35 4.35 5.35
A2 0.13 0.14 0.15 1.00 1.00 1.00 0.12 0.13 0.14 0.21 0.26 0.34 0.31 0.41 0.59
A3 1.00 1.00 1.00 6.90 7.55 8.20 1.00 1.00 1.00 3.55 4.55 5.55 3.50 4.35 5.50
A4 0.19 0.23 0.30 2.90 3.80 4.70 0.18 0.22 0.28 1.00 1.00 1.00 1.95 2.85 3.75
A5 0.19 0.23 0.30 1.70 2.45 3.20 0.18 0.23 0.29 0.27 0.35 0.51 1.00 1.00 1.00
Source: author 
7. Paired comparison of health centers concerning C7: Proximity to regional parks is listed in 
table 9. 
Table 9: Paired comparison of health centers concerning C7 (Proximity to regional parks) 
 A1 A2 A3 A4 A5 
A1 1.00 1.00 1.00 0.17 0.21 0.26 1.05 1.15 1.25 0.27 0.35 0.48 0.24 0.30 0.42
A2 3.85 4.80 5.75 1.00 1.00 1.00 3.55 4.50 5.45 3.70 4.70 5.70 4.10 5.10 6.10
A3 0.80 0.87 0.95 0.18 0.22 0.28 1.00 1.00 1.00 0.23 0.29 0.41 0.21 0.26 0.36
A4 2.10 2.90 3.70 0.18 0.21 0.27 2.45 3.45 4.45 1.00 1.00 1.00 1.25 1.75 2.25
A5 2.40 3.30 4.20 0.16 0.20 0.24 2.80 3.80 4.80 0.44 0.57 0.80 1.00 1.00 1.00
Source: author 
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8. Paired comparison of health centers concerning C8: Distance from industrial units is listed 
in table 10. 
Table 10: Paired comparison of health centers concerning C8 (Distance from industrial units) 
 A1 A2 A3 A4 A5 
A1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
A2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
A3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
A4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
A5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
  Source: author 
9. Paired comparison of indicators: Table 11 lists the paired comparison of indicators. 
Table 11: Paired comparison of indicators 
 C 1 C 2 C 3 C 4 C 5 C 6 C 7 C 8 
C 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 3.00 4.00 2.00 3.00 4.00
C 2 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 3.00 1.00 2.00 3.00
C 3 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 3.00 1.00 2.00 3.00
C 4 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 3.00 1.00 2.00 3.00
C 5 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
C6  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
C 7 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
C8 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Source: author 
Data analysis 
Table 12 shows decision matrix. The first row shows the weight of each of indicators. Rows 
3-7 shows the scores of suppliers' location finding compared to the each indicator.  In fact, we, first, 
completed paired-comparison tables using triangular fuzzy numbers. Then we produced decision-
making matrix with definite numbers using formulas in section (2.2) Finally, AHP method was 
applied to rank health centers. The results are listed in table 12.  
Table 12: Decision-making matrix with crisp value 
Weight  0.297208 0.191007 0.191007 0.191007 0.032442 0.032442 0.032442 0.032442
 C 1 C 2 C 3 C 4 C 5 C 6 C 7 C 8 
A 1 0.376483 0.275457 0 0 0 0.488909 0 0.2 
A 2 0.117064 0 1 0.529122 1 0 0.88101 0.2 
A 3 0.336984 0.453994 0 0 0 0.511091 0 0.2 
A 4 0.133931 0.270549 0 0.470878 0 0 0.087837 0.2 
A 4 0.035574 0 0 0 0 0 0.031154 0.2 
  Source: author 
Conclusion  
Based on the results of MATLAB software, A2 health center (Bou Ali Hospital), A3 (Social 
Welfare Hospital), A4 (Khatam Hospital), and A1 (Emam Ali Hospital) ranked first to fourth, 
respectively. A5 (Nabi Akram Hospital) by far ranked 5th. According to the results of this study, it 
is concluded that the first four health centers have followed location-finding principles prior to 
establishment. Whereas in contrast, the 5th health center was an exception. Table 13. shows scores 
and ranks.  
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Table 13: Final rank and scores of health center location finding 
Score Alter Rank  
0.39438 A2 Rank 1 
0.20993 A3 Rank 2 
0.19076 A4 Rank 3 
0.18686 A1 Rank 4 
0.01807 A5 Rank 5 
Source: author 
Recommendations for Medical University  
According to the results of this study and experts` recommendations, two geographical points 
are proposed in north section of the city to establish new health centers. It is noteworthy that 
establishment of an advanced health center in north section of the city leads to cost reduction 
concerning transportation, hygiene, and health promotion of residents in this part of city, and urban 
per capita increase in economy dimensions.  
 Figure 3: Proposed locations to establish new health centers in Zahedan, Iran (Source: author) 
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